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I. INTRODUCTION (12pt)

Fossil fuels combustion produces components and contaminants such as CO2, O2, N,
H20, and H2S. Gas separation process should to be carried out for various applications later.
The gas separation technology has been used is absorption technique using solvents such as
polycarbonate and tributyl phosphate. However, the use of solvents in the gas separation
process results contaminants which not environmentaly friendly and require high costs &)

In addition, the potential technology for gas separation and interesting to study is
membrane technology. Membrane technology was applied to gas separation process until
molecular level. Membrane technology has high efficiency and stability, more simple process,
environmentally friendly, and low cost than other conventional processes *1. Membranes are
categorized into four types based on membrane material, that are: polymer membrane,
inorganic membrane, liquid membrane, and mixed-matrix membrane (MMMs) 1. However,
the polymer membrane application is limited by performance of “Robeson trade-off line” curve
between gas permeability and selectivity. The maximum performance of polymer membrane
in gas separation at the “upper bound” which shows high selectivity and low permeability M1,
Inorganic membrane has high selectivity and thermal stability, but it has low permeability and
sensitivity 1. The efforts to develop membrane applications can be done with increasing the
value of gas permeability and selectivity throught MMMs until reaches Robeson “upper
bound”.

Mixed-matrix membranes (MMMSs) is a membrane consisting of a polymer and filler
which can be composed by porous or non-porous inorganic material 1. Some of the polymers
has been used in MMMs are cellulose acetate, polymid [8], Polyacetylene, poly-
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dimethylsiloxane, poly-ethylsulfone 2, Polysulfone 1%, and PVDF 29, Polysulfone is a glass
polymer that has adhesion between polymer-fillers. Polysulfone is better for MMMs
preparation than elastic polymer [} In addition, polysulfone has good mechanical strength and
thermal resistance [°)

The first porous material has been used as filler in MMMs is zeolite . Zeolite is a
aluminosilicate crystals which have a cage-like pore shape or framework with molecular size
0,5 — 1,2 nm [3,13]. Some zeolite type has been used as a filler in MMMs are zeolite-A 1,
zeolite-X 1 Zeolite-Y 14, zeolite-T %1, ZSM-5 Bl and ZIF-8 2. In this article, a review was
made of gas separation through mixed-matrixs membrane (MMMs) with polysulfone as
polymer and zeolite as filler. Furthermore, this article also discuss about modification between
polymer and zeolite, like the effect of adding zeolite and zeolite pore size in MMMs to
CO./CHa gas separation.

Il. MIXED-MATRIX MEMBRANE (MMMS)

MMM s is heterogeneous membrane consisting of inorganic filler which is affixed to a
polymer matrix [/l The schematic of MMMs with falt modules is shown in figure 1. The
inorganic filler in MMMs aims to form a special permeation path by increasing selective
permeability. Molecular sieving properties of inorganic filler added to the polymer matrix
results increasing gas permeability on MMMs. Adapun preparation process of polymer matrix
membrane with inorganic filler is efficient [/}

O O O
= O
O /O A O
7/ l
Filler Polymer Matrix

Figure 1. The schematic of MMMs with falt modules

MMMs with asymmetric hollow fiber modules have more effective membrane structure
than flat modules. Hollow fiber membrane has a larger area per volume than flat module, good
flexibility and simple preparation in module fabrication. Hollow fiber membrane has two layers
that are widely applied due to some advantages, such as low material prices, easy synthesis
process and better membrane performance than flat membrane 2. The schematic of MMMs
with hollow fiber modules is shown in figure 2.
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Figure 2. The schematic of MMMs with hollow fiber modules.

I11. Selection of Polymer and Filler in Mixed-Matrix Membranes (MMMs) Preparation
for Gas Separation
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Selection of polymer and zeolite material is the important thing in Mixed-Matrix
Membranes (MMMSs) for gas separation. There are two types of polymer used in MMMs, that
are glass polymer and rubbery polymer 2. The rubbery polymer is more suitable for zeolite
filler than glass polymer. However, it tends to push MMMs performance under “trade-off upper-
bond” curve [,

Some Polymers have been done in MMMs preparation are cellulose acetate, polymid
8. Polysulfone %1, Polyacetylene, poly-ethylsulfone, poly-dimethylsiloxane 2! and PVDF 29}
Polysulfone is a glass polymer and hydrophobic that has adhesion between polymer-fillers.
Polysulfone is better for MMMs preparation than elastic polymer ' In addition, polysulfone
has good mechanical strength and thermal resistance [ The molecular sieving is important
thing in the MMM s preparations for binary gas separation applications. The molecular sieving
must be of the right size and has ability to distinguish gas molecules to be separated. Zeolite
with three-dimensional network has a good diffusion path and it is corresponding for gas
separation applications . Zeoilte is the first porous material as a filler in the MMMs
preparations 1" Zeolite is an aluminosilicate crystal which have a cage-like pore shape or
framework with molecular size 0,5 — 1,2 nm [3,13]. Some zeolite type has been done as a filler
Er} the MMM s are zeolite-A ), zeolite-X [4, zeolite-Y 11?1, zeolite-T %1, ZSM-5 Bl and ZIF-8
2].

IV. MMMs Applications for Gas Separation

Natural gas consumption has increased from year to year, i.e. 26,593 bcf (billion cubic
feet) in 2014; 27,306 bcf in 2015, and 27,491 bcf in 2016 [17]. The composition of natural gas
includes CHs gas as the main component of natural gas, CO2, H.S, H2O, N2, and hydrocarbon
compounds such as ethane (C2Hs), propane (C3H8), and butane (C4Hio) [1]. The composition
of natural gas with its concentration shown in Table 1. The presence of several components of
natural gas causes the gas separation is needed, then used to various applications.

Table 1. The composition of natural gas [*!

Natural Gas Consentration
Content (Mole.%)
CH.4 29.98-90.12
C2Hs 0.55-14.22
CsHs 0.23-12.54
CsH1o 0.14-8.12
CsHi2 0.037-3.0
CO; 0.06 — 42.66
He 00-1.8
N2 0.21-26.10
H.S 0.0-3.3

Based on the Table 1., CH4 gas has the greatest consentration in natural gas. Then the greatest
consentration after CH4 gas is CO.. Therefore, the CO2/CH4 gas separation is required then
used for other applications. In the last 10 years, a number of membrane materials have been
synthesized using polymers such as polymid [®1, intrinsic microporosity polymer (PIMs) [16]
TR (thermal re-arranged) polymer % and applied on a laboratory scale for CO; gas separation
from CHa.
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V. Mechanism for Binary Gas Separation in the MMMs with Polysulfone Polymer and
Zeolite Filler
The mechanism of molecules transport in zeolite membrane begins with adsorption process
of gas molecules on the surface of zeolite pore, then diffusion process around the surface of
zeolite pore, and finally the desorption process to produce permeate M Permeate is gas
molecule has been separated from gas mixture in zeolite membrane (MMMs).
Tabel 2. Physical Properties of CO2, CHas, N2, O2, and H: gas [2,23].

Gas Molecule
CO2 CHa4 N2 (O]} Ha

Physical Properties

Molecular Weight (g/mole) 44.01 16.04 28.01 31.99 2.02

Kinetic Diameter (A) 3.3 3.8 3.64 3.46 2.89
Critical Temperature (°C) 31 -82.1 -147.1 -118.6  -240.2
Critical Pressure (atm) 72.9 45.8 335 49.77 12.8
Critical Density (g/mL) 0.468 0162 0311 0436  0.031

Gas adsorption process on the zeolite is a physisorption. The adsorption is exothermic and
reversible [, Molecules are adsorbed into the zeolite pore due to the intermolecular interactions
between adsorbent and adsorbaate 2 In this case the adsorbent is zeolite membrane (MMMs)
and the adsorbate is CO, gas. Adsorption of CO> gas on the zeolite is stronger than other gases
such as Hz, CHa dan Na. It causes of the dipole and quadrupole moments. The CO2 molecule
has dipole and quadrupole moments are higher than other gases 1. The physical properties of
several gas molecules are listed in Table 2.

Table 3. Structure Properties of Zeolites

Dimension

Zeolite Zeolite Type Structure Pore Size (A) Reference
4A LTA 3D 3.8 [2]
5A LTA 3D 43 [2]

X Faujasit 3D 7.4 [21]

Y Faujasite 3D 74 [21]

L LTL 2D 7.1 [2]
ZSM-5 MFI 2D 5.6 [21]
ZSM-2 Faujasite 3D 5.7 [27]

SAPO-34 CHA 3D 3.8 [2]

Figure 3. The Schematic of Binary Gas Separation

more selective gas

Binary Gas less selective gas

more selective gas

Figure 3 illustrate the process of binary gas separation. On the binary gas separtion,
selective gas in the MMMs will be diffused towards the outer layer and comes out as the
permeate. Whereas, the less selective gas will be in the inner layer of membrane as a retentate.
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VI. RESULT AND DISCUSSION
A. The Effect of Addition Zeolite Filler in MMMs for Gas Separation
The performance of MMM s is influenced by the number of zeolite filler added to
polymer matrix. The increasing in the number of zeolite filler on polymer matrix can
increase the value of permeability. The increasing the number of zeolites on polymer
matrix cause the formation of an interface cavity that arises due to reduced adhesion
between polymer and zeolite particle [5]. As shown in Table 4, addition of ZSM-5 filler
with different amounts on polysulfone membranes showed different permeability value.
Addition of ZSM-5 filler for 10%wt and 20%wt produces the permeability value of 2.0047
dan 2.2074 Barrer, respectively [5]. Nevertheless, in some other MMMs, the addition of
zeolite filler decreases permeability value. [2].
B. The Effect of Zeolite Particle Size in MMMs for Gas Separation
The enhancement of zeolite particle size increase permeability value. The
permeability value of Silicate-PDMS MMNMs increases with increasing particle size of
crystal silicate. The small zeolite particle size causes permeation process is difficult due
to the number area of zeolite-polymer interface increased. It causes the mass transfer of
molecule gas disturbed. However, the selectivity of MMMs in gas separation not affected
by transformation of zeolite particle size [2].
C. The Effect of Zeolite Pore Size in MMMs for Gas Separation
Zeolite pore size also affects MMMs performance for gas separation. The larger
zeolite pore size increases the MMMs performance in gas separation through the
increasing permeablity value. The large zeolite pore size reduces the occurrence of pore
blockages in MMMs. In addition, gas molecules transport more easily pass through the
larger zeolite pore and it causes the enhancement of permeability value [2]. However, the
very large of zeolite pore size reduces selectivity value due to other gases also enter the
zeolite pore. Therefore, selection of zeolite filler must be adsjusted between zeolite pore
size and kinetic diameter of gas molecules to be separated.
Based on the Table 4., polysulfone membrane with zeolite-13X as a filler produces
the larger permeability value than zeolite-A filler. It’s corresponded with zeolites pore size
are listed in Table 2 which show that zeolite-X pore size is larger than zeolite-A.

Table 4. Polysulfone Membrane with Zeolitee Filler

Polymer / Filler a b c d e f Reference
PSf/Zeolite-T 3 2 25 78.90 3.37 - [15]
PSf/ Zeolite SAPO-34 10 3.48 25 314.02 28.2 - [8]
I 10 2-5 - - 41351  2.0047 (5]

20 2-5 - 2.3369  2.2074

PSf/Zeolite-13X 10 7.8 atm 25 - 23.5 6.1 [14]
PSf —Ac/ Zeolite-3A 50 12 25 - - 4.85 [9]
PSf/Zeolite-4A - 2 atm 25 176 - 3720 1.6 - [2]
PSf/ZIF-8 16 1 - - 19.10  12.10 [2]
PSf / silica (rice husk) 40 - - - 33.31 8.46 [22]
Pure polysulfone - - - - 2.63 12.33 [15]
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Explanation: a = Filler ( %wt. ); b = Pressure (bar); ¢ = Temperature (°C); d = Permeation
(GPU); e = CO2/CHs Selectivity ; f = Permeability (Barrer).

VII. CONCLUSION AND SUGGESTION

Mixed-Matrix Membrane (MMMSs) with zeolite filler corresponds to binary gas
separation. MMMs with polysulfone polymer and zeolite filler increases the performance of
gas separation due to the enhancement of permeability and selectivity value. Mixed-Matrix
Membranes (MMMs) preparation with polysulfone polymer have been synthesized using
zeolite-X filler. The further research in MMMs can be synthesized with zeolite-Y filler due to
the zeolite-Y (7,4 A) pore size similar with zeolite-X (7,4 A). In addition, the pore size of
zeolite-Y (7,4 A) is larger than zeolite-A (3,8 A) which can increase permeability value. It’s
due to the zeolite pore size enhancement can increase the value of permeability.
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